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[57] ABSTRACI‘ 
A rotative motor includes a member mounted to rotate 
freely. A pair of piezoelectric bimorph elements are 
excited from a source of alternating- current so that free 
ends of the respective elements vibrate ninety degrees 
out of phase. The central point of an elastic member 
connected between the free ends of the elements is in 
frictional contact with the rotatable member. The cen 
tral point exhibits a physical displacement circular in 
shape, imparting a rotary motion to the rotatable mem 
her. 

6 Claims, 14 Drawing Figures, 
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FIG. 4 

T|P DISPLACEMENT 
OF BIMORPH 34 

O 
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ROTATIVE MOTOR USING A PIEZOELECTRIC 
ELEMENT ' 

This invention relates to rotative motors, and particu 
larly, to a rotative motor using the vibration effect of a 
piezoelectric element. 

BACKGROUND OF THE INVENTION 

Different forms of rotative motors are known. Typi 
cal rotative motors use electromagnetics to convert 
electrical energy to mechanical-energy. The construc 
tion of a motor of this type can be complicated. Materi 
als such as copper or iron are used so that such a motor 
can be dif?cult to use due to its weight. The susceptibil 
ity of electromagnetic motors to the in?uence of mag 
netic ?elds limits the use of such motors in many appli 
cations. 
A particular problem occurs when efforts are made to 

miniaturize electromagnetic motors. While it is possible 
to scale down the size of the motors to produce low 
power units, the electrical conversion ef?ciency is ap 
preciably reduced and, furthermore, the fabrication of 
the miniaturized units can be extremely complex. Pres 
ently available commercial electrical motors are not 
suitable for use in many applications at the low power 
region. There is a need in the art for a rotative motor 
which is characterized by simple structure, light 
weight, low power consumption, easy control of speed 
and direction, and the absence of magnetic ?eld inter 
ference with other devices and systems employed with 
the motor. 

SUMMARY OF THE INVENTION 

A rotative motor is provided which converts electri 
cal energy into mechanical energy without employing 
magnetic circuits. A pair of piezoelectric bimorph ele 
ments is mounted to be driven from a suitable source of 
alternating current, with a free end of each element 
exhibiting a mechanical vibration at a frequency deter 
mined by that of the alternating current source. An 
elastic member connects the free ends of the elements 
with a central point of the elastic member in frictional 
contact with a rotary member. The bimorph elements 
are excited so that a phase difference of the vibration at 
the respective free ends connected by the elastic mem 
ber imparts through the elastic member a continuous 
rotary motion to the rotary member. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows one embodiment of the present inven 
tlon. 

FIG. 2 (FIGS. 2A and 2B) and 3 (FIGS. 3A through 
3D) explain the operation of the embodiment shown in 
FIG. 1. 

FIG. 4 is a pair of curves used to explain the opera 
tion of the embodiment shown in FIG. 1. 
FIG. 5 shows another embodiment of the present 

invention. I 

FIGS. 6 and 7 show excitation circuits for the piezo 
electric elements in the embodiments of FIGS. 1 and 5. 
FIGS. 8 and 9 are curves used in the discussion of 

FIG. 7, and 
FIG. 10 shows another excitation circuit for use with 

the embodiments of FIGS. 1 and 5. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Piezoelectric material is known to extend and con 
tract in accordance with the direction of polarization 
thereof, according to the polarity of an electric ?eld 
applied thereto. An element can be made of piezoelec 
tric material so that it will bend according to the instan 
taneous value of an applied electric ?eld. Ceramic mate 
rials, for example, PZT, are known which exhibit a 
piezoelectric effect. An alternating current voltage ap 
plied to a bimorph comprising two layers of ceramic 
material causes the ceramic layers of the bimorph to 
expand or contract depending upon the sign of the volt 
age. Thus, if a bimorph element is formed of ceramic 
material with one end ?xed to a suitable support struc 
ture, the free end vibrates at a frequency determined by 
the frequency of the alternating current voltage applied 
to the bimorph. 

Referring to FIG. 1, a rotary member 30 is con 
structed and mounted to freely rotate clockwise or 
counterclockwise about an axis 32. A pair of piezoelec 
tric bimorph elements 34 and 36, which may be con 
structed of a piezoelectric ceramic material, for exam 
ple, are mounted at an optional angle to one another by 
a supporting member 38. Elements 34 and 36, by way of 
example, are shown in FIG. 1 as mounted substantially 
vorthogonal to one another. The free end of element 34 
is connected by an elastic member 40 of arc in shape, for 
example, a band plate or wire, to the free end of the 
second element 36. The elastic member 40 is ?rmly 
bonded to the free end of the respective bimorph ele 
ments 34 and 36. The central point C of the elastic 
member 40 frictionally contacts the surface of the ro 
tary member 30. The two bimorph elements 34 and 36 
are driven from an alternating current power source 39. 

In FIG. 1, it is assumed that the respective two layers 
of the bimorph element 34 or 36, have the same polar 
ization, for example, orthogonal to the electrode sur 
faces coated on opposite sides of each layer as shown by 
a solid arrow indicating the direction of polarization of 
the layers. One terminal of the alternating current 
power source is connected to the inner electrodes of 
each layer of the bimorph element 34 or 36, a second 
terminal of the alternating current power source being 
connected to the outer electrodes of each layer of the 
element 34 or 36, respectively. Therefore, the two lay 
ers of a bimorph element 34 or 36 are respectively 
driven by a different polarity of the applied electric 
?eld. Thus, the free ends of the respective bimorph 
elements 34 and 36 vibrate at a frequency determined by 
the frequency of the alternating current source. The 
vibration amplitude is a maximum near the mechanical 
resonance of the piezoelectric element structures. 
The central point C of the elastic member 40 moves 

as a function of the combined vibrations at the free ends 
of the respective bimorph elements 34 and 36. When the 
vibration component at the free end of one bimorph 
element 34 is 90° out of phase with the vibration compo— 
nent at the free end of the other bimorph element 36, the 
generated physical displacement of the point C is circu 
lar in shape. Thus, if the central point C is in frictional 
contact with the surface of the rotary member 30, the 
physical displacement at point C will impart a rotary 
motion to the member 30. The speed of rotation will 
depend upon the vibrational frequencies and amplitudes 
of the bimorph elements 34 and 36. The direction of the 
rotation of the member 30 will depend upon Whether 
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the phase of vibration for one of the bimorph elements 
34 leads or lags by 90° the phase of the vibration of the 
other bimorph element 36. 

In FIG. 2A, the solid arrows indicate the vibrational 
direction‘ of the respective bimorph elements 34 and 36. 
The broken arrow indicates a displacement of the cen 
tral point C of the elastic member 40. If the bimorph 
elements 34 and 36 are driven by an alternating current 
power source to vibrate in the same phase, the central 
point C of the elastic member 40 simply moves on a line 
between point C’ and C” as shown in FIG. 2A. When 
the bimorph elements 34 and 36 are driven by the alter 
nating current power source to vibrate 180° out of 
phase, the central point C of the elastic member 40 
moves along a line C’, C” as shown in FIG. 2B, which ‘ 
is perpendicular to the line C’, C” in FIG. 2A. Thus, if 
the vibrating phases of the two bimorph elements 34 
and 36 are 90° out of phase, the locus of motion of the 
central point C of the elastic member 40 is a circle. 
FIGS. 3A through 3D present the passage of time 

from T1 to T2 to T3 to T4 to T1, where there exists a 
90° phase difference at each time in the vibrating phases 
of the bimorph elements 34 and 36. FIG. 4 illustrates the 
relationship between time and the displacement of the 
vibrating tips of the respective bimorph elements 34 and 
36. From the curves of FIG. 4, taken with the views in 
FIG. 3, the displacement of the two bimorph elements, 
which vibrate 90° out of phase, in combination produce 
at point C a circular motion. As presented in FIGS. 3 
and 4, the phase of vibration at the tip of bimorph ele 
ment 34 is 90° in advance of the phase of the bimorph 
element 36 vibrations. Therefore, the circular motion at 
point C will be counterclockwise. If the phase of the 
bimorph element 36 vibration is made 90° in advance of 
the bimorph element 34 vibration, then the circular 
motion will be clockwise. 
The rotational direction of the rotary member 30 

depends on that of the central point- C of the elastic 
member 40. When the central point C of the elastic 
member 40 frictionally contacts the surface of the ro 
tary member 30, the rotary member 30 will rotate in a 
direction according to the phase relationship between 
the two vibrating bimorph elements 34 and 36 at a con 
stant speed. Preliminary observation suggests that 
speeds of several hundred revolutions per minute with a 
torque of a few gram-cm is possible. To improve the 
frictional ‘contact between the elastic member 40 and 
the rotary member 30, the inside of the member 30, 
which may be of a metal construction, may be coated by 
a frictional material such as rubber and/or a small piece 
of a rubber plate 46 can be attached at a point C to the 
elastic member 40. The arrangement shown in FIG. 5 
may be used to further improve the friction between the 
elastic member 40 and the rotary member 30. The sup 
porting member 38 for the two bimorph elements 34 
and 36 is coupled to another supporting member 42 
through one or more springs 44, producing a constant 
force between the driven point 46 on the elastic member 
40 and the surface of the rotary member 30. Minimal 
slippage can result. 

In a typical construction of the embodiment shown in 
FIG. 1, a piezoelectric bimorph element 34 or 36 can be 
a ceramic bimorph 0.3 cm wide, 1.4 cm long and 0.06 
cm thick. The alternating current voltage is 140 volts 
and 1 mA at a frequency of 800 Hz with force factor cos 
d) of 0.25, causing the rotation speed of 800 revolutions 
per minute with no load or 300~400 r.p.m. with a 
torque of 2~3 gram-cm. ‘ 

O 

20 

25 

35 

40 

45 

60 

65 

4 
FIG. 6 illustrates one circuit for exciting the bimorph 

elements 34 and 36 of the‘embodiments shown in FIGS. 
1 and 5. An alternating current voltage is generated by > 
an oscillator 50. The output of the oscillator 50 is fed 
over one path directly to a rotation inversion switch 54 
and is fed over a second path including a phase adjustor 
52 to the switch 54. Depending upon the setting of the 
switch 54, the output of the oscillator or of the phase 
adjustor 52 is fed through an ampli?er 56 to the bi 
morph element 34. Assuming that the switch 54 is set so 
that the output of the phase adjustor 52 is fed through 
the ampli?er 56 to the bimorph element 34, the output 
of the oscillator 50 will be fed directly through a second 
ampli?er 58 to the bimorph element 36. The phase ad 
justor 52 provides a 90° phase shift between the alternat 
ing current voltages applied through the switch 54 to 
the respective bimorph elements 34 and 36. The bi 
morph elements 34 and 36 are identical in construction. 
The direction of rotation of the rotary member 30 can 
be determined in accordance with the setting of the 
switch 54. Alternatively, the motor direction can be 
altered by providing at the phase adjustor 52 means for 
inverting the phase of the alternating current voltage at 
the output thereof. 
The circuit of FIG. 6 is one way of providing electri 

cally the 90° out of phase excitation of the two bimorph 
elements 34 and 36. Such excitation may also be pro 
vided by a mechanical delay. Mechanical systems in 
cluding a mass such as the bimorph elements 34, 36 
generally have a phase of oscillation different from that 
of the excitation source due to inertia and related ef 
fects. As represented in FIG. 8, at resonance the me 
chanical system can lag by 90° and by approximately 
180° above the resonant frequency. If the mechanical 
system is assumed to include the two bimorph elements 
and if the mechanical resonant frequency is slightly 
different for the two bimorphs, the phase of the bi 
morphs will be different even if they are connected in 
parallel to the excitation source. As shown in FIG. 9, 
the two bimorph elements exhibit different phases at the 
excitation frequency. This phenomenon can be used to 
produce the circular motion of the central point C on 
the member connecting the two bimorph elements, as 
shown in FIG. '7. 

In FIG. 7, the resonant frequency of the two bimorph 
elements 34 and 36 is adjusted to provide an asymmetri 
cal structure. Thus, one element can be made longer 
than the other or additional weight can be added to the 
end of one element. The output of the oscillator 50 is 
coupled through an ampli?er 60 to oneof the bimorph 
elements 34. The output of the ampli?er 60 is also cou 
pled through a switch 54 to the other bimorph element 
36. By determining the different mechanical resonant 
frequencies of the bimorph elements, the bimorph ele 
ments can be excited to vibrate with a phase difference 
to cause the motion of the point C and the resultant 
movement of the rotary member. The rotation direction 
is determined according to the polarity of the bimorph 
element 36 through the setting of the switch 54. 
Another circuit using mechanical delay to provide 

the out of phase excitation to the bimorph elements 34 
and 36 is shown in FIG. 10. Similar bimorph elements 
34 and 36 are provided. An alternating current voltage 
generated by an oscillator 50 is applied through an 
ampli?er 52 and a rotation inverter'64 to only one ‘of the 
bimorph elements 34 or 36. Assuming that the excitation 
voltage from the oscillator 50 is applied only to the 
bimorph element 34, the excited vibration at the free 
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end of the bimorph element'34 is transmitted to the 
other ‘bimorph element 36 by the wire or band 40 which 
connects the respective free ends of the two bimorph 
elements. At resonance, the phase of the vibration of the 
bimorph element 36 lags by 90° the phase of the vibra 
tion of the driven bimorph element 34. Therefore, the 
central point C of the elastic member 40 moves in a 
circular path. If the inverter 64 is set so that only the 
bimorph element 36 is driven from the oscillator 50, the 
rotation direction of the point C reverses compared to 
the rotation direction of the point C when only the 
bimorph element 34 is driven from the oscillator 50. 
Because the two bimorph elements 34 and 36 are identi 
cal in structure, the resonant frequencies of the two 
bimorph elements 34 and 36 are the same. 
What is claimed is: ' 

1. In combination, 

' a rotatable member, ?rst and second piezoelectric elements secured at one 

' end to a support at an optional angle to one an 
other, the oppposite ends of said elements being 
free to vibrate, 

an elastic member connected between said free ends 
with the central point of said elastic member in 

‘ frictional contact with the surface of said rotatable 
member, and ' 

means for exciting said elements to cause by a phase 
difference of the vibration at the respective free 
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6 
ends of said elements the central point of said elas 
tic member to have a circular physical displace 
ment to rotate said rotatable member in a direction 
determined by said phase difference. 

2. The combination claimed in claim 1 and wherein 
said elements are ceramic bimorphs. 

3. The combination claimed in claim 1 and wherein 
said elements are driven by said exciting means from an 
alternating current source, said alternating current fre 
quency determining the vibration frequency of said free 
ends and thereby the speed of said rotatable member. 

4. The combination in claim 1 and including means 
for spring loading said support to provide a constant 
force at the contact of said central point of said elastic 
member and the surface ‘of said rotatable member. 

5. The combination as claimed in claim 1 and wherein 
said elements are excited from an alternating current 
source, means for applying said alternating current to 
one element 90° out of phase with the alternating cur 
rent applied to the second element providing a 90° 
phase difference of the vibrations at said free ends. 

6. The combination as claimed in claim 1 and wherein 
said elements are excited from an alternating current 
source, said elements being driven by said alternating 
current with a mechanical delay resulting in a 90° phase 
difference of the vibrations at said free ends. 

* * * * * 


